This paper investigated the effects of vermiculite on water absorption, water/fertilizer retention and 9 basic physicochemical properties of sulfoaluminate cementitious materials for plant growing 10 applications. Vermiculite was utilised to partially replace sulfoaluminate cement (SAC) for the 11 preparation of a cementitious material with enhanced water absorption capacities and water/fertilizer 12 retention properties which are essential for plant growing in a cement-based environment. Mercury 13 intrusion porosimetry (MIP) and thermal analysis (TG-DSC) were employed to characterize the effects 14 of vermiculite on the porosity and hydration products of hardened SAC-based pastes for plant growing. 15
Introduction 25
Porous concrete is a non-conventional type of concrete which incorporates high porosity and possesses 26 multiple environmental benefits [1] . It has been found to possess superior water-purification, 27 permeability, noise absorption and thermal insulation properties [2-5], leading to its application in 28 permeable trenches, gullies and gutters [1] , noise barriers [3, 4] etc. At a more innovative level, porous 29 concrete has been used as a plant bedding [6, 7] , and has been appropriately named 'planting concrete'.
Due to its high porosity, planting concrete as plant bedding has been evaluated as an economical and 31 environmentally friendly alternative to traditional impervious hard concrete for the purpose of growing 32 plants, conserving water and soil [8] . Generally, planting concrete consists of cementitious materials, 33 coarse aggregate, water and admixtures. Among the components, cementitious material directly 34 determines the water absorption capacity, the water and fertilizer retention capacities, the alkalinity and 35 other relevant properties, making it indisputably one of the most important components of planting 36
concrete. 37
The cementitious material can be divided into two main types: Portland cement (PC) and SAC-based 38 the CH content using a simultaneous thermal analyzer (Mettler, TGA/DSC1/1600HT, Sweden) at a 121 heating rate of 20°C/min from 0°C to 800°C under argon atmosphere. 122
Mechanical properties 123
The mechanical properties of the samples were tested according to the Chinese National Standard 124 GB20472-2006 [37] . 125
Hydration heat evolution 126
A conduction calorimeter (TAM Air C80, Thermometric, Sweden) operating at 25°C was used to 127 determine the hydration heat flow. For such purpose, a water to binder of 0.5 was adopted, and the heat 128 flow was recorded every 44s until 72h. 129
Bulk density 130
The bulk density of hardened paste specimens was measured by the water vacuum saturation method 131 [40, 41] . The specimens were dried at 65°C in order to remove the majority of the physically bound 132 water. After that, the hardened pastes were placed into a desiccator with deaired water. For the duration 133 of three hours, air was evacuated with a vacuum pump from the desiccator. The hardened pastes were 134 then kept in water for more than 24h. 135
Pore structure 136
Mercury intrusion porosimetry was employed to examine the pore structure of hardened pastes. An 137 automatic mercury porosimetry (Pore Master-60, Quanta-chrome Instruments, USA) was used in this 138 study, whose intrusion accuracy was ±0.11%. 139
Results and Discussion 140

Planting potential 141
Water absorption capacity 142
The WARs of hardened pastes are shown in 
Water retention capacity 149
The measured water release rates of hardened pastes are presented in Fig.2 The fertilizer release rates from hardened pastes are presented in Fig.3 , which represent the fertilizer 159 retention property. The fertilizer release rates increased with the increase of soaking time. The fertilizer 160 release rate of SV ref at 35d was highest and reached up to 96.3 wt.% when fertilizer dosage was 20 wt.% 161 (Fig.3 (a) ), suggesting that the fertilizer added during mixing could be released slowly in the hardened 162 pastes. And the fertilizer release rate grew with a straight-line at early ages (i.e. up to 7d) and with the 163 further extending of soaking time the curves of fertilizer release rate became flatten, indicating that the 164 velocity of fertilizer release decreased with the increase of soaking time. 165
In this study, in cases of a vermiculite content of less than 20wt.%, the fertilizer release rate from 166 hardened pastes decreased with the increase of vermiculite content at the same soaking times. For 167 example, in Fig.3 Therefore vermiculite dosage should be less than 20 wt.%, which could improve the fertilizer retention 172 capacity of an SAC-based cementitious material. 173
In addition, there was a phenomenon worthy noting here. When using a fertilizer dosage of 8 wt.% at 174 most, for the same kind of materials, the fertilizer release rates decreased with the increase of fertilizer 175 addition. Therefore, a proper fertilizer dosage could also improve the fertilizer retention property of 176 cementitious materials. 
Basic physicochemical properties 201
Mechanical properties 202
The mechanical properties of SAC-based cementitious materials are presented in Fig.6 . The 203 compressive strength (Fig.6 (a) ) and flexural strength ( respectively. For SV 5 at 1d, 3d, and 28d, the compressive strength was 36.5, 41.5 and 48.7 MPa, 207 respectively, while flexural strengths of 5.6, 7.5, and 7.7 MPa, respectively, was attained at the same 208 negative to the mechanical property of SAC-based materials. 215 3.2.2Hydration heat evolution 216 Fig.7 shows the hydration heat evolution of SAC-based cementitious materials. There was minor effect 217 of vermiculite addition on the first exothermic peak (heat of dissolution, the age of about 0.1h) of 218 SAC-based materials. The second exothermic peak (the age of about 1h) decreased with the increase of 219 vermiculite content, which was caused by the hydration of ye'elimite (C 4 A 3 $) and the main hydration 220 product was Aft (C 4 A 3 $ + 2C$ + 38H → C 3 A·3C$·H 32 + 2AH 3 ). The third exothermic peak (at the age 221 between 2 and 5h) was C 4 A 3 $ hydrate which produces Aft (C 4 A 3 $ + 2C$ + 38H → C 3 A·3C$·H 32 + 222 
Pore structure 237
The cumulative pore volumes of hardened pastes are shown in Fig.8 . The total pore volume of SV ref 238
was only 9.0%, which can be attributed to its poor water absorption capacity. The total pore volume 239 increased with the increase of vermiculite dosage, which was probably due to the difference in theparticle size between SAC and vermiculite (Fig.1) . Hence the water absorption capacity increased with 241 the increase of vermiculite dosage. Compared to SV ref, the total pore volume of SV 10 and SV 20 242 increased by 31.1% and 66.7%, respectively. Therefore, vermiculite was able to improve the total pore 243 volume of hardened SAC-based pastes. 244 Fig.9 presents the pore size distribution of hardened pastes. While the vermiculite content was no more 245 than 20 wt.%, the increase of pore volume was mainly due to fine pores between 0.4 and 1μm in 246 diameter. Generally, the water retention property can be enhanced by various pore sizes [29] . Therefore, 247 the water retention property was improved by vermiculite as long as the vermiculite dosage is no more 248 than 20 wt.%. However with a vermiculite dosage of 40 wt.%, the volume of pores between 0.2~1μm 249 in diameter decreased while the volumes of 10~30μm and 100~200μm pores significantly increased, 250 which were harmful to the water/fertilizer retention property and mechanical performance. So 251 vermiculite addition could cause pore volume and pore size changed. The latter results explain the 252 change of water absorption capacity, water/fertilizer retention property and mechanical performance of 253 hardened SAC pastes prepared with varying dosages of vermiculite. 254
The bulk densities of hardened pastes are shown in Fig.10 . In this study, the bulk density of hardened 255 to decrease the bulk density of hardened pastes. In addition, these also probably suggested that the 260 compactness of hardened pastes decreased with the increase of vermiculite dosage. In other words, the 261 porosity of hardened pastes increased with the increase of vermiculite dosage. 262
The relationships between total pore volume, WAR and bulk density of hardened pastes are shown in 263 respectively. Therefore, the difference between water absorption and total pore volume decreased with 271 the increase of vermiculite dosage. Those proved that the reason for the water absorption rate increased 272 with the increase of vermiculite addition was not only due to the increase of pore volume, but 273 vermiculite also has excellent water absorption property. Because vermiculite has 2:1 (tetrahedral-274 octahedral-tetrahedral) type layered structure, weak bond existed between the layers of vermiculite 275 molecular structure. So water is able to enter the layers of vermiculite molecular structure. 276
In addition, the correlation coefficient of total pore volume and bulk density of hardened pastes reached 277 up to 0.9736. It proves that the bulk density decreasing with the increase of vermiculite dosage was 278 because the total pore volume increased with the increase of vermiculite content once again. 279 280
Conclusions 281
In this paper, from the basis of multiple perspectives, the effects of vermiculite on water/fertilizer 282 retention and basic physicochemical properties of SAC-based materials were investigated. The main 283 conclusions that can be drawn are as following: 284
(1) The water absorption capacity of hardened SAC-based materials increased with the increase of 285 vermiculite dosage. The water absorption capacity was improved 81.8% using 20 wt.% 286
vermiculite. 287
(2) The adoption of vermiculite proved to be suitable for the enhancement of the water retention 288 property of SAC-based materials when its dosage is no more than 20 wt.%. At 120h, the water 289 release rate decreased by 18.5% at 20 wt.% vermiculite replacement level. 290 (3) The change of the fertilizer retention property of SAC-based material was similar to that of water 291 retention property, because 'fertilizer moves with water'. 20 wt.% vermiculite in the SAC-based 292 materials was the best therapy for improving fertilizer retention. For the latter cement 293 replacement level, the fertilizer release rate at 35d reduced 15.3 wt.% and 12.1 wt.% when the 294 fertilizer dosage was 2 wt.% and 4 wt.%, respectively. 295 However, the 3d compressive strength and 3d flexural strength of SV 20 reached up to 35.1 and6.0MPa, respectively, which can meet the requirement for planting concrete. 301 (6) The total pore volume of hardened SAC-based materials increased with the increase of vermiculite. 302
The total pore volume increased 6% when 20wt.% vermiculite was incorporated. The increase of 303 pore volume was mainly due to vermiculites' fine pores of diameter between 0.4~1μm. 304
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